paper, 'A Theory of the Allocation of Time' revolutionised the modelling of household behaviour, by unifying Marshallian demand functions for goods with labour supply and related time use decisions within the household. In this article, we first summarise Becker's time allocation model and associated key contributions, then we show how his original framework extends to modern collective household models.
should have different shadow prices within the household. This is in contrast to the vast majority of models today that associate a single observable wage rate to each individual's time.
For the most part, the modern literature has generalised Becker in two main directions. One is that modern models are often dynamic and forward looking. Becker would have recognised the current typical assumption of time additivity of utility as a natural extension but, although he wrote his time allocation theory after John Muth's (1961) introduction of rational expectations, the forward looking rational expectations revolution was not pushed forward by his colleague Robert Lucas and others until later.
But perhaps the most substantial difference between modern formulations and Becker (1965) is the application of another line of his research, namely, Becker's (1974) , 'A Theory of Social Interactions'. Becker's original time allocation theory treats the household as maximising a single utility function and so the household behaves in ways that are empirically indistinguishable from the behaviour of a single utility maximising individual. In modern terminology, this is called a 'unitary' model. Many of the behavioural implications of the consumption-leisure trade-off that Becker points out were difficult to verify empirically, in part because of the unitary model's observational equivalence between the purchasing behaviour of one person and that of a family.
However, as Becker (1974) observes, the allocation of resources within a household is determined by bargaining among household members, with outcomes that may therefore depend on the determinants of the bargaining power of each household member (what later became known as distribution factors). In general, the existence of a decision process involving several agents can produce household demand functions that are no longer equivalent to those obtained by maximising a single well behaved household utility function. This has led to the rise of collective household models, where non-unitary behaviour is exploited to empirically identify and estimate resource allocations and other intra-household behaviour.
In the next Section we summarise Becker's model and key contributions. Later Sections consider econometric issues that arise in bringing Becker's model to data, and the extension of Becker's work to non-unitary models, thereby showing how his original theory of time allocation has evolved into modern collective household models. Section 4 concludes.
Time for Becker
Becker's model starts with households having a utility function U(Z 1 ,…,Z m ) over quantities of commodities Z 1 ,…,Z m . Each commodity Z i is produced by the household using a production function Z i = f i (x i ,T i ), where each x i is a bundle (quantity vector) of goods purchased at the vector of prices p i , and T i is a bundle of time use quantities. Becker defined T i as a vector also, to distinguish between, e.g., daytime from nighttime hours, or weekdays from weekends. Moreover he assigns a vector of wage rates w i to T i , thereby assuming that, e.g., the cost of a unit of time on weekends and weekdays would generally be different.
Rather than have one budget constraint for goods and another one for time, Becker's first insight is that, despite the complexity of nesting m production functions inside a utility function, the household can still simply trade-off time for money, and so only faces the single budget constraint
Much of his analysis then consists of drawing implications from the fact that the household faces just one constraint.
Becker called S full income (crediting Milton Friedman for helping invent the term), and notes that full income is fixed and easily interpreted only if average wage rates w i do not depend on T i . Although the vast majority of household demand models today make this fixed wage assumption, Becker thought this case was 'special and unlikely', and did not impose it for most of his analysis. So for Becker, full income is defined by maximising an 'earnings' function W (Z 1 ,…,Z m ) subject to the household's single budget constraint and to the production functions for each commodity. In this more general framework, average time costs w i do not generally equal marginal time costs (both are functions of the chosen bundles of goods and time) and, of course, marginal costs are what determine behaviour. However, one still gets the useful two stage decomposition of the household's problem, in which we can decompose the problem into first calculating full income S, then maximising household utility U [f 1 (x 1 ,T 1 ),…,f m (x m ,T m )] under the single budget constraint that total resources do not exceed S.
Much of Becker's subsequent analysis consists of examining the first-order conditions associated with the household's maximisation problem and extending traditional Marshallian income and substitution effects to trade-offs between time use and consumption. In doing so, he notes that the traditional division of time into labour (market and not) versus leisure, treating all leisure as essentially the same, is inappropriately simplistic. Some uses of time may be difficult to categorise, e.g., is commuting to work labour or leisure? What about an afternoon nap that makes you more productive the rest of the day? For Becker, attempts at such categorisation are both unnecessary and irrelevant. The only economically relevant features of any type of consumption or leisure activity are its associated foregone earnings and contributions to utility. One strength of his model is that it can incorporate these types of 'productive consumption'.
Becker proceeds to describe many implications of his model. For example, even if consumers all pay the same market prices for consumption goods, variation in earnings across individuals results in cross-sectional variation in the shadow prices for consumption goods and, as a result, estimated Engel curves will, by omitting these shadow price effects, tend to underestimate the true income effects of earningsintensive goods. He goes on to suggest that child care is likely to be earnings-intensive (by taking up a lot of time that could otherwise have produced income), and this effect could partly explain the low income elasticity of the demand for children.
Other implications he considers, which are second nature for economists now but were novel at the time, include adding the shadow costs of commuting time (in foregone labour or leisure) to the direct costs of commuting to work, or observing that as wages rise, people will tend to waste more food in an effort to save on meal preparation or shopping time.
Some Econometric Issues
Becker engages in extensive 'casual empiricism', showing how his model can be used to interpret a host of observed economic phenomena, but he does not attempt any formal identification or estimation of parameters. In this Section, we discuss issues associated with bringing versions of his model to data in a more formal manner. What type of data would be needed to perform statistical tests of Becker's theory? And to what extent can his models be econometrically identified, i.e., when can underlying concepts like individual utility functions and household production functions be recovered from observed household behaviour?
Since the theory deals with the allocation of time, a minimal requirement is that this allocation should be observable, so empirical researchers should observe time use data. Moreover, since Becker's theory postulates that each consumed good Z i is produced using time and a bundle of goods x i purchased at the vector of prices p i , it would be desirable to observe the household's demand for produced goods, that is, to recover each Z i as a function of prices, wages and non-labour incomes.
Whether ultimate consumption goods Z i are observable is debatable; the answer mostly depends on the context. For example, for rural households in developing economies, a large component of consumed goods Z i are the outcomes of actual, observable production processes (e.g., grown crops) that may be recorded. Alternatively, one may think of (some of) the Z i as human capital, produced through education and other types of investments. Then some (possibly noisy) output indicators may be available: school performance, health status, nutrition etc. A testimony to Becker's influence is the extent to which a significant fraction of the empirical literature has taken this route and tried to estimate the corresponding production functions. A prominent example is Heckman's (2013) presidential address to the Econometric Society. Still, it is fair to say that Becker's analysis is not primarily intended to address observable outputs. The model is much more general: in Becker's view, the conceptual relevance of the model does not hinge on the observability of Z i .
Equally problematic are the relevant 'wages' (or, more precisely, shadow prices of various types of time). The simplest approach, that has been adopted by most of the literature, is to assume that each household member has a unique shadow price for time equal to their market wage (and, as such, exogenous to the allocation of time); a case that, as noted above, Becker considered as 'special and unlikely'. However, for empirical work, this simplifying assumption is hard to avoid, at least if testability and identifiability are to be established. Specifically, consider Becker's model, as described above, and assume that for each 'productive consumption' good i, one can observe the vectors x i , T i , p i and w i . Then in theory one could observe (and in practice one could estimate) the time supply and commodity demand functions: 
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In other words, there exist functions s i and ξ i such that:
which generates standard rank restrictions on observed supply and demand functions. Moreover, knowledge of the s i and ξ i functions would then allow the researcher to identify the production function f i up to a monotonically increasing transform, even when the associated output Z i is not observed. In particular, the marginal rates of substitution between time and physical commodities, which characterise the crucial trade-off Becker is interested in, can then be identified from observed behaviour. This construction becomes much more problematic when the shadow price (or prices) of time remain unobservable. While testable restrictions can still be derived, they are both limited and complicated. Moreover, in this case, the model will typically not be identified. Specifically, with unobserved shadow prices for time there will in general exist a continuum of different combinations of utility and production functions that are observationally equivalent, in that they generate the same observable demands and time allocations.
In summary, users of Becker's model face a difficult choice: its fully general version, although conceptually attractive, is too broad to permit empirical identification of its core notions. This is perhaps exemplified by Pollak (2003) , who shows that some strong conclusions Becker later arrived at using his model could be overturned by relaxing simplifying assumptions, while still remaining entirely within Becker's general framework.
Time for Collectives
work on division of labour within the household came later (Becker (1974) and, for a comprehensive presentation, Becker (1981) ).
Recent work in this literature emphasises the relevance of Becker's allocation of time framework for analysing issues related to household behaviour and intra-household allocation from a non-unitary framework. Most empirical work in this literature uses the so-called 'collective' approach, whereby members each have their own utility function, commodities may be privately or publicly consumed, and the household makes Pareto efficient decisions. This implies that the household maximises a weighted sum of individual utilities, where the (Pareto) weights may depend on prices, wages, incomes and the economic environment in general. See Browning et al. (2014) for a detailed presentation.
Becker's time allocation and household production framework readily extends to this collective framework, which permits analysis of many policy relevant issues. For example, an important question regards the relationship between male and female time within household production functions. If male and female time are perfect substitutes for home production (as assumed by Becker himself in other contributions), then one expects a specialisation result: the member with a comparative advantage in domestic production is likely to give up market work altogether. On the contrary, if they are complements, then typically both husband and wife may work both at home and on the market. Pollak (2013) provides a modern reconsideration of the issue of household labour specialisation.
New and important issues arise in the non-unitary context. The notion of 'power' within the household, which is de facto omitted in a unitary framework, becomes crucial, and has a natural interpretation in terms of Pareto weights. Loosely speaking, keeping the cardinal representation of preferences unchanged, a shift of power over resources in favour of one member (say, the wife) will correspond to a relative increase in her Pareto weight. The question then arises, what would be the impact of such a power shift on the intra-household allocation of time? This is a difficult problem, for which a Beckerian representation is indispensable, if only because the answer closely depends on the properties of the household production functions, as well as on the nature of, and tastes for, the produced commodities.
To give an example, if produced commodities are 'marketable' (in the sense that they can be purchased or sold on a competitive market, as would be the case, e.g., for agricultural production) and, if shadow values of time are exogenous (as when both spouses work on the market and have wages equal their marginal value of time), then efficiency requires that intra-household production decisions be driven by profit maximisation and, therefore, be independent of each spouse's relative power over household allocations. If, on the contrary, internally produced commodities are not marketable, but the production function exhibits constant returns to scale (with respect to time inputs), then the ratio of male to female domestic time depends only on the ratio of the male to female wage rate. In this case, changes in power may affect the volume of household production (as when the spouses value internally produced commodities differently) but then male and female domestic time should either both increase or both decrease. See Blundell et al. (2005) and Browning et al. (2014) for a more extensive analysis of these issues.
Finally, the collective extension of Becker's framework has generated a host of recent empirical work aimed at econometrically estimating household production functions and the associated allocation of resources among family members. Browning et al. (2013) consider a model in which individuals' preferences over goods do not depend on their marital status, but marriage gives access to a different (and potentially more productive) domestic production technology. They show that, under this assumption, observable demand functions of singles and couples generally provide sufficient information to identify individual preferences, the household's production technology and the intra-household allocation of power as summarised by the 'sharing rule'. This approach was later extended (and some of its assumptions relaxed) by Dunbar et al. (2013) , who apply their framework to intra-household allocation in Malawi. Moreover, while Browning et al. (2013) does not include time allocation in the household production as Becker did, their model can be readily extended in this direction. See for instance Couprie and Ferrant (2012) .
Another important contribution is due to Cherchye et al. (2012) , who propose a collective labour supply model with household production that generalises several previous contributions. In their framework, adults' preferences depend not only on own leisure and individual private consumption of market goods but also on the consumption of Becker type commodities, which are produced by combining market goods with individuals' time. They provide conditions that, while requiring detailed household level data, suffice to identify the entire model, including individual preferences, production functions and the Pareto weights. In particular, the trade-offs between time and consumption of goods, stressed in Becker's initial work, can be recovered for each household member in their model. An application to data on Dutch couples with children is provided. Quite uniquely, their data set fulfils all the requirements evoked above; i.e., they observe detailed information about wages, prices, consumption, labour supply and time use within the household.
Recognising the importance of household effects, other rich data sets are starting to become available, e.g., recent waves of the US Panel Study of Income Dynamics surveys have augmented household level wage and incomes with detailed consumption measures. Given the ongoing progress on both data collection and theoretical modelling, we expect to see many further applications and extensions of Becker's work in the near future.
Conclusions
Becker's approach to family economics is so mainstream today that it is difficult to recognise how revolutionary his models and methods were at the time. Pollak (2003) documents how many researchers were openly hostile to Becker's application of mathematical microeconomic tools to intra-household decision making. Many believed Becker's analyses were sterile and vacuous, and it was considered cold and immoral to think about loving families in such terms. In contrast, the enormous literature on family economics that exists today vindicates Becker's methodology.
The works cited here, and many others, extend Becker's ideas well beyond his initial framework. But this is above all a testimony to the fecundity of the insights he put forth in his 1965 ECONOMIC JOURNAL paper. As such, it is fair to say that they are all part of his legacy. THROUGHOUT history the amount of time spent at work has never consistently been much greater than that spent at other activities. Even a work week of fourteen hours a day for six days still leaves half the total time for sleeping, eating and other activities. Economic development has led to a large secular decline in the work week, so that whatever "may have been true of the past, to-day it is below fifty hours in most countries, less than a third of the total time available. Consequently the allocation and efficiency of non-working time may now be more important to economic welfare than that of working time; yet the attention paid by economists to the latter dwarfs any paid to the former.
Fortunately, there is a movement under way to redress the balance. The time spent at work declined secularly, partly because young persons increasingly delayed entering the labour market by lengthening their period of schooling. In recent years many economists have stressed that the time of students is one of the inputs into the educational process, that this time could be used to participate more fully in the labour market and therefore that one of the costs of education is the forgone earnings of students. Indeed, various estimates clearly indicate that forgone earnings is the dominant private and an important social cost of both high-school and college education in the United States.' The increased awareness of the importance of forgone earnings has resulted in several attempts to economise on students' time, as manifested, say, by the spread ofthe quarterly and tri-mester systems. equally sophisticated about other non-working uses of time. For example, the cost of a service like the theatre or a good like meat is generally simply said to equal their market prices, yet everyone would agree that the theatre and even dining take time, just as schooling does, time that often could have been used productively. If so, the full costs of these activities would equal the sum of market prices and the forgone value of the time used up. In other words, indirect costs should be treated on the same footing when discussing all non-work uses of time, as they are now in discussions of schooling.
In The integration of production and consumption is at odds with the tendency for economists to separate them sharply, production occurring in firms and consumption in households. It should be pointed out, however, that in recent years economists increasingly recognise that a household is truly a " small factory ": 1 it combines capital goods, raw materials and labour to clean, feed, procreate and otherwise produce useful commodities. Undoubtedly the fundamental reason for the traditional separation is that firms are usually given control over working time in exchange for market goods, while " discretionary " control over market goods and consumption time is retained by households as they create their own utility. If (presumably different) firms were also given control over market goods and consumption time in exchange for providing utility the separation would quickly fade away in analysis as well as in fact.
The basic goal of the analysis is to find measures of g and Z which facilitate the development of empirical implications. The most direct approach is to assume that the utility function in equation (4) The problem would appear to be to maximise the utility function (4) subject to the multiple constraints (6) and (7) and to the production relations (8). There is, however, really only one basic constraint: (6) is not independent of (7) because time can be converted into goods by using less time The full price of a unit of Zi (Tri) is the sum of the prices of the goods and of the time used per unit of Zi. That is, the full price of consumption is the sum of direct and indirect prices in the same way that the full cost of investing in human capital is the sum of direct and indirect costs.2 These direct and indirect prices are symmetrical determinants of total price, and there is no analytical reason to stress one rather than the other.
The resource constraint on the right side of equation (10), S', is easy to interpret if wv' were a constant, independent of the Zi. For then S' gives the money income achieved if all the time available were devoted to work. This achievable income is " spent " on the commodities Zi either directly through expenditures on goods, lpibiZi, or indirectly through the forgoing of income, JtiwZi, i.e., by using time at consumption rather than at work. As long as w7 were constant, and if there were constant returns in producing Zi so that bi and t4 were fixed for given pi and wv the equilibrium condition resulting from maximising (4) subject to (10) The total resource constraint could be given the sensible interpretation of the maximum money income achievable only in the special and unlikely case when average earnings were constant. This suggests dropping the approach based on explicitly considering separate goods and time constraints and substituting one in which the total resource constraint necessarily equalled the maximum money income achievable, which will be simply called " full income. time and other resources of a household to earning income, with no regard for consumption. Of course, all the time would not usually be spent " at " a job: sleep, food, even leisure are required for efficiency, and some time (and other resources) would have to be spent on these activities in order to maximise money income. The amount spent would, however, be determined solely by the effect on income and not by any effect on utility. Slaves, for example, might be permitted time "o ff" from work only in so far as that maximised their output, or free persons in poor environments might have to maximise money income simply to survive.' Households in richer countries do, however, forfeit money income in order to obtain additional utility, i.e., they exchange money income for a greater amount of psychic income. For example, they might increase their leisure time, take a pleasant job in preference to a better-paying unpleasant one, employ unproductive nephews or eat more than is warranted by considerations of productivity. In these and other situations the amount of money income forfeited measures the cost of obtaining additional utility.
Thus the full income approach provides a meaningful resource constraint and one firmly based on the fact that goods and time can be combined into a single overall constraint because time can be converted into goods through money income. It also incorporates a unified treatment of all substitutions of non-pecuniary for pecuniary income, regardless of their nature or whether they occur on the job or in the household. The advantages of this will become clear as the analysis proceeds.
If full income is denoted by S, and if the total earnings forgone or " lost" by the interest in utility is denoted by L, the identity relating L to S and I 
The total marginal cost of Zi is the sum of bi(pi + ci), the marginal cost of using goods in producing Z1, and til4, the marginal cost of using time. This division would be equivalent to that between direct and indirect costs only if ci = 0 or if there were no indirect costs of using goods.
difficult to incorporate this constraint. Maximising (1') subject to (6) and (8) yields the following conditions a_w pibia )
where a is the marginal productivity of money income. Since the loss function L (S -V) -W, the equilibrium conditions to minimise the loss is the same as (3') except for a change in sign.
I Households maximise their utility subject only to the single total resource constraint given by (14), for once the full income constraint is satisfied, there is no other restriction on the set of Zi that can be chosen. By introducing the concept of full income the problem of maximising utility subject to the time and goods constraints is solved in two stages: first, full income is determined from the goods and time constraints, and then utility is maximised subject only to the constraint imposed by full income. a It can easily be shown that the equilibrium conditions of (16) The rest of the paper is concerned with developing numerous empirical implications of this theory, starting with determinants of hours worked and concluding with an economic interpretation of various queueing systems. To simplify the presentation, it is assumed that the distinction between direct and indirect costs is equivalent to that between goods and time costs; in other words, the marginal forgone cost of the use of goods, cj, is set equal to zero. The discussion would not be much changed, but would be more cumbersome were this not assumed.' Finally, until Section IV goods and time are assumed to be used in fixed proportions in producing commodities; that is, the coefficients bi and tj in equation (8) are treated as constants.
III. APPLICATIONS (a) Hours of Work
If the effects of various changes on the time used on consumption, T7, could be determined their effects on hours worked, T., could be found residually from equation (7). This section considers, among other things, the effects of changes in income, earnings and market prices on T7, and thus on T. The effect of an uncompensated increase in earnings on hours worked would depend on the relative strength of the substitution and income effects. The former would increase hours, the latter reduce them; which dominates cannot be determined a priori.
The conclusion that a pure rise in earnings increases and a pure rise in income reduces hours of work must sound very familiar, for they are traditional results of the well-known labour-leisure analysis. What, then, is the relation between our analysis, which treats all commodities symmetrically and stresses only their differences in relative time and earning intensities, and the usual analysis, which distinguishes a commodity having special properties called " leisure " from other more commonplace commodities? It is easily shown that the usual labour-leisure analysis can be looked upon as a special case of ours in which the cost of the commodity called leisure consists entirely of forgone earnings and the cost of other commodities entirely of goods.3 1 According to the definitions of earning and time intensity in equations (20) and (21), they would be positively correlated unless I and th were sufficiently negatively correlated. See the further discussion later on.
2 Let it be stressed that this conclusion usually holds, even when households are irrational; sophisticated calculations about the value of time at work or in consumption, or substantial knowledge about the amount of time used by different commodities is not required. Changes in the hours of work, even of non-maximising, impulsive, habitual, etc., households would tend to be positively related to compensated changes in earnings because demand curves tend to be negatively inclined even for such households (see G. S. 
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As a description of reality such an approach, of course, is not tenable, since virtually all activities use both time and goods. Perhaps it would be defended either as an analytically necessary or extremely insightful approximation to reality. Yet the usual substitution and income effects of a change in resources on hours worked have easily been derived from a more general analysis which stresses only that the relative importance of time varies among commodities. The rest of the paper tries to go further and demonstrate that the traditional approach, with its stress on the demand for " leisure," apparently has seriously impeded the development of insights about the economy, since the more direct and general approach presented here naturally leads to a variety of implications never yet obtained.
The two determinants of the importance of forgone earnings are the amount of time used per dollar of goods and the cost per unit of time. Reading a book, taking a haircut or commuting use more time per dollar of goods than eating dinner, frequenting a night-club or sending children to private summer camps. Other things the same, forgone earnings would be more important for the former set of commodities than the latter.
The importance of forgone earnings would be determined solely by time intensity only if the cost of time was the same for all commodities. Presumably, however, it varies considerably among commodities and at different periods. For example, the cost of time is often less on week-ends and in the evenings because many firms are closed then,' which explains why a famous liner intentionally includes a week-end in each voyage between the United States and Europe.2 The cost of time would also tend to be less for commodities that contribute to productive effort, traditionally called " productive consumption." A considerable amount of sleep, food and even " play" fall under this heading. The opportunity cost of the time is less because these commodities indirectly contribute to earnings. Productive consumption has had a long but bandit-like existence in economic thought; our analysis does systematically incorporate it into household decision-making.
Although the formal specification of leisure in economic models has ignored expenditures on goods, cannot one argue that a more correct specification would simply associate leisure with relatively important forgone earnings? Most conceptions of leisure do imply that it is time intensive and does not indirectly contribute to earnings,3 two of the important equilibrium condition that the rate of substitution between goods and leisure equals the real wagerate is just a special case of our equation (19) Since it has been shown that the relative importance of forgone earnings rather than any concept of leisure is more relevant for economic analysis, less attention should be paid to the latter. Indeed, although the social philosopher might have to define precisely the concept of leisure,' the economist can reach all his traditional results as well as many more without introducing it at all! Not only is it difficult to distinguish leisure from other non-work 2 but also even work from non-work. Is commuting work, non-work or both? How about a business lunch, a good diet or relaxation? Indeed, the notion of productive consumption was introduced precisely to cover those commodities that contribute to work as well as to consumption. Cannot pure work then be considered simply as a limiting commodity of such joint commodities in which the contribution to consumption was nil? Similarly, pure consumption would be a limiting commodity in the opposite direction in which the contribution to work was nil, and intermediate commodities would contribute to both consumption and work. The more important the contribution to work relative to consumption, the smaller would tend to be the relative importance of forgone earnings. Consequently, the effects of changes in earnings, other income, etc., on hours worked then become assimiliated to and essentially a special case of their effects on the consumption of less earnings-intensive commodities. For example, a pure rise in earnings would reduce the relative price, and thus increase the time spent on these commodities, including the time spent at work; similarly, for changes in income and other variables. The generalisation wrought by our approach is even greater than may have appeared at first.
Before 2 Sometimes true leisure is defined as the amount of discretionary time available (see Moore, op. cit., p. 18). It is always difficult to attach a rigorous meaning to the word " discretionary " when referring to economic resources. One might say that in the short run consumption time is and working time is not discretionary, because the latter is partially subject to the authoritarian control of employers. (Even this distinction would vanish if households gave certain firms authoritarian control over their consumption time; see the discussion in Section II.) In the long run this definition of discretionary time is suspect too because the availability of alternative sources of employment would make working time also discretionary. 
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A THEORY OF THE ALLOCATION OF TIME 505 theory might be briefly mentioned. Just as a (compensated) rise in earnings would increase the prices of commodities with relatively large forgone earnings, induce a substitution away from them and increase the hours worked, so a (compensated) fall in market prices would also induce a substitution away from them and increase the hours worked: the effects of changes in direct and indirect costs are symmetrical. Indeed, Owen presents some evidence indicating that hours of work in the United States fell somewhat more in the first thirty years of this century than in the second thirty years, not because wages rose more during the first period, but because the market prices of recreation commodities fell more then.' A well-known result of the traditional labour-leisure approach is that a rise in the income tax induces at least a substitution effect away from work and towards " leisure." Our approach reaches the same result only via a substitution towards time-intensive consumption rather than leisure. A simple additional implication of our approach, however, is that if a rise in the income tax were combined with an appropriate excise on the goods used in time-intensive commodities or subsidy to the goods used in other commodities there need be no change in full relative prices, and thus no substitution away from work. The traditional approach has recently reached the same conclusion, although in a much more involved way.2
There is no exception in the traditional approach to the rule that a pure rise in earnings would not induce a decrease in hours worked. An exception does occur in ours, for if the time and earnings intensities (i.e., litt and ti) were negatively correlated a pure rise in earnings would induce a substitution towards time-intensive commodities, and thus away from work.3 Although this exception does illustrate the greater power of our approach, there is no reason to believe that it is any more important empirically than the exception to the rule on income effects.
(b) The Productivity of Time
Most of the large secular increase in earnings, which stimulated the development of the labour-leisure analysis, resulted from an increase in the productivity of working time due to the growth in human and physical capital, technological progress and other factors. Since a rise in earnings resulting from an increase in productivity has both income and substitution
effects, the secular decline in hours worked appeared to be evidence that the income effect was sufficiently strong to swamp the substitution effect. The secular growth in capital and technology also improved the productivity of consumption time: supermarkets, automobiles, sleeping pills, safety and electric razors, and telephones are a few familiar and important examples of such developments. An improvement in the productivity of consumption time would change relative commodity prices and increase full income, which in turn would produce substitution and income effects. The interesting point is that a very different interpretation of the observed decline in hours of work is suggested because these effects are precisely the opposite of those produced by improvements in the productivity of working time.
Assume a uniform increase only in the productivity of consumption time, which is taken to mean a decline in all th, time required to produce a unit of Zi, by a common percentage. The relative prices of commodities with large forgone earnings would fall, and substitution would be induced towards these and away from other commodities, causing hours of work also to fall. Since the increase in productivity would also produce an income effect,' the demand for commodities would increase, which, in turn, would induce an increased demand for goods. But since the productivity of working time is assumed not to change, more goods could be obtained only by an increase in work. That is, the higher real income resulting from an advance in the productivity of consumption time would cause hours of work to increase.
Consequently, an emphasis on the secular increase in the productivity of consumption time would lead to a very different interpretation of the secular decline in hours worked. Instead of claiming that a powerful income effect swamped a weaker substitution effect, the claim would have to be that a powerful substitution effect swamped a weaker income effect.
Of course, the productivity of both working and consumption time increased secularly, and the true interpretation is somewhere between these extremes. If both increased at the same rate there would be no change in relative prices, and thus no substitution effect, because the rise in 1i induced by one would exactly offset the decline in ti induced by the other, marginal forgone earnings (iti) remaining unchanged. Although the income effects would tend to offset each other too, they would do so completely only if the income elasticity of demand for time-intensive commodities was equal to unity. Hours worked would decline if it was above and increase if it was below unity.2 Since these commodities have probably on 1 Full money income would be unaffected if it were achieved by using all time at pure work activities. If other uses of time were also required it would tend to increase. Even if full money income were unaffected, however, full real income would increase because prices of the Zi would fall.
2 So the " Knight " view that an increase in income would increase " leisure " is not necessarily true, even if leisure were a superior good and even aside from Robbins' emphasis on the substitution effect (see L. Robbins, " On the Elasticity of Demand for Income in Terms of Effort," Economica (June 1930)). 
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A THEORY OF THE ALLOCATION OF TIME 507 the whole been luxuries, such an increase in income would tend to reduce hours worked. The productivity of working time has probably advanced more than that of consumption time, if only because of familiar reasons associated with the division of labour and economies of scale.' Consequently, there probably has been the traditional substitution effect towards and income effect away from work, as well as an income effect away from work because timeintensive commodities were luxuries. The secular decline in hours worked would only imply therefore that the combined income effects swamped the substitution effect, not that the income effect of an advance in the productivity of working time alone swamped its substitution effect.
Cross-sectionally, the hours worked of males have generally declined less as incomes increased than they have over time. Some of the difference between these relations is explained by the distinction between relevant and reported incomes, or by interdependencies among the hours worked by different employees;2 some is probably also explained by the distinction between working and consumption productivity. There is a presumption that persons distinguished cross-sectionally by money incomes or earnings differ more in working than consumption productivity because they are essentially distinguished by the former. This argument does not apply to time series because persons are distinguished there by calendar time, which in principle is neutral between these productivities. Consequently, the traditional substitution effect towards work is apt to be greater cross-sectionally, which would help to explain why the relation between the income and hours worked of men is less negatively sloped there, and be additional evidence that the substitution effect for men is not weak. 3 Productivity in the service sector in the United States appears to have advanced more slowly, at least since 1929, than productivity in the goods sector.4 Service industries like retailing, transportation, education and health, use a good deal of the time of households that never enter into input, output and price series, or therefore into measures of productivity. Incorporation of such time into the series and consideration of changes in its productivity would contribute, I believe, to an understanding of the apparent differences in productivity advance between these sectors.
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trends in the barbering industry in the United States.' Conventional productivity measures show relatively little advance in barbers' shops since 1929, yet a revolution has occurred in the activities performed by these shops. In the 1920s shaves still accounted for an important part of their sales, but declined to a negligible part by the 1950s because of the spread of home safety and electric razors. Instead of travelling to a shop, waiting in line, receiving a shave and continuing to another destination, men now shave themselves at home, saving travelling, waiting and even some shaving time. This considerable advance in the productivity of shaving nowhere enters measures for barbers' shops. If, however, a productivity measure for general barbering activities, including shaving, was constructed, I suspect that it would show an advance since 1929 comparable to most goods.2 (c) Income Elasticities Income elasticities of demand are often estimated cross-sectionally from the behaviour of families or other units with different incomes. When these units buy in the same market-place it is natural to assume that they face the same prices of goods. If, however, incomes differ because earnings do, and cross-sectional income differences are usually dominated by earnings differences, commodities prices would differ systematically. All commodities prices would be higher to higher-income units because their forgone earnings would be higher (which means, incidentally, that differences in real income would be less than those in money income), and the prices of earningsintensive commodities would be unusually so.
Cross-sectional relations between consumption and income would not therefore measure the effect of income alone, because they would be affected by differences in relative prices as well as in incomes.3 The effect of income would be underestimated for earnings-intensive and overestimated for other commodities, because the higher relative prices of the former would cause a substitution away from them and towards the latter. Accordingly, the income elasticities of demand for " leisure," unproductive and time-intensive commodities would be under-stated, and for " work" productive and other goods-intensive commodities over-stated by cross-sectional estimates. Low apparent income elasticities of earnings-intensive commodities and high apparent elasticities of other commodities may simply be illusions resulting from substitution effects.4
Moreover, according to our theory demand depends also on the importance of earnings as a source of income. For if total income were held constant an increase in earnings would create only substitution effects: away from earnings-intensive and towards goods-intensive commodities. So one unusual implication of the analysis that can and should be tested with available budget data is that the source of income may have a significant effect on consumption patterns. An important special case is found in comparisons of the consumption of employed and unemployed workers. Unemployed workers not only have lower incomes but also lower forgone costs, and thus lower relative prices of time and other earnings-intensive commodities. The propensity of unemployed workers to go fishing, watch television, attend school and so on are simply vivid illustrations of the incentives they have to substitute such commodities for others.
One interesting application of the analysis is to the relation between family size and income.' The traditional view, based usually on simple correlations, has been that an increase in income leads to a reduction in the number of children per family. If, however, birth-control knowledge and other variables were held constant economic theory suggests a positive relation between family size and income, and therefore that the traditional negative correlation resulted from positive correlations between income, knowledge and some other variables. The data I put together supported this interpretation, as did those found in several subsequent studies. Nevertheless, the elasticity of demand for number of children does seem somewhat smaller than the quantity elasticities found for many goods. Perhaps the explanation is simply the shape of indifference curves; one other factor that may be more important, however, is the increase in forgone costs with income.' Child care would seem to be a time-intensive activity that is not " productive " (in terms of earnings) and uses many hours that could be used at work. Consequently, it would be an earnings-intensive activity, and our analysis predicts that its relative price would be higher to higherincome families.2 There is already some evidence suggesting that the positive relation between forgone costs and income explains why the apparent quantity income elasticity of demand for children is relatively small. Mincer found that cross-sectional differences in the forgone price of children have an important effect on the number of children.3
Transportation is one of the few activities where the cost of time has been explicitly incorporated into economic discussions. In most benefit-cost evaluations of new transportation networks the value of the savings in transportation time has tended to overshadow other benefits.4 The importance of the value placed on time has encouraged experiment with different methods of determination: from the simple view that-the value of an hour equals average hourly earnings to sophisticated considerations of the distinction between standard and overtime hours, the internal and external margins, etc.
The transport field offers considerable opportunity to estimate the marginal productivity or value of time from actual behaviour. One could, for example, relate the ratio of the number of persons travelling by aeroplane to those travelling by slower mediums to the distance travelled (and, of course, also to market prices and incomes). Since relatively more people use faster mediums for longer distances, presumably largely because of the greater importance of the saving in time, one should be able to estimate a marginal value of time from the relation between medium and distance travelled.5 I In Ibid., p. 214 fn. 8, the relation between forgone costs and income was mentioned but not elaborated.
2 Other arguments suggesting that higher-income families face a higher price of children have generally confused price with quality (see ibid., pp. 214-15).
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Another transportation problem extensively studied is the length and mode of commuting to work.' It is usually assumed that direct commuting costs, such as train fare, vary positively and that living costs, such as space, vary negatively with the distance commuted. These assumptions alone would imply that a rise in incomes would result in longer commutes as long as space (" housing ") were a superior good.2 A rise in income resulting at least in part from a rise in earnings would, however, increase the cost of commuting a given distance because the forgone value of the time involved would increase. This increase in commuting costs would discourage commuting in the same way that the increased demand for space would encourage it. The outcome depends on the relative strengths of these conflicting forces: one can show with a few assumptions that the distance commuted would increase as income increased if, and only if, space had an income elasticity greater than unity.
For let Z, refer to the commuting commodity, Z2 to other commodities, and let Z, =f,(x, t) 
asp"ix where ex is the income elasticity of demand for space. Since stability requires thatp" > 0, an increase in income increases the time spent commuting if, and only if, ex > 1.
In metropolitan areas of the United States higher-income families tend to live further from the central city,' which contradicts our analysis if one accepts the traditional view that the income elasticity of demand for housing is less than unity. In a definitive study of the demand for housing in the United States, however, Margaret Reid found income elasticities greater than unity.2 Moreover, the analysis of distance commuted incorporates only a few dimensions of the demand for housing; principally the demand for outdoor space. The evidence on distances commuted would then only imply that outdoor space is a " luxury," which is rather plausible 3 and not even inconsistent with the traditional view about the total elasticity of demand for housing. 
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A THEORY OF THE ALLOCATION OF TIME 513 would minimise costs by setting the ratio of the marginal product of goods to that of time equal to the ratio of their marginal costs.' A rise in the cost of time relative to goods would induce a reduction in the amount of time and an increase in the amount of goods used per unit of each commodity. Thus, not only would a rise in earnings induce a substitution away from earningsintensive commodities but also a substitution away from time and towards goods in the production of each commodity. Only the first is (implicitly) recognised in the labour-leisure analysis, although the second may well be of considerable importance. It increases one's confidence that the substitution effect of a rise in earnings is more important than is commonly believed. The change in the input coefficients of time and goods resulting from a change in their relative costs is defined by the elasticity of substitution between them, which presumably varies from commodity to commodity. The only empirical study of this elasticity assumes that recreation goods and "leisure " time are used to produce a recreation commodity.2 Definite evidence of substitution is found, since the ratio of leisure time to recreation goods is negatively related to the ratio of their prices. The elasticity of substitution appears to be less than unity, however, since the share of leisure in total factor costs is apparently positively related to its relative price.
The incentive to economise on time as its relative cost increases goes a long way towards explaining certain broad aspects of behaviour that have puzzledand often disturbed observers of contemporary life. Since hours worked have declined secularly in most advanced countries, and so-called " leisure " has presumably increased, a natural expectation has been that " free time would become more abundant, and be used more " leisurely" and " luxuriously." Yet, if anything, time is used more carefully to-day than a century ago.3 If there was a secular increase in the productivity of working time relative to consumption time (see Section III (b)) there would be an increasing incentive to economise on the latter because of its greater expense (our theory emphatically cautions against calling such time " free "). Not surprisingly, therefore, it is now kept track of and used more carefully than in the past.
Americans are supposed to be much more wasteful of food and other goods than persons in poorer countries, and much more conscious of time: they keep track of it continuously, make (and keep) appointments for specific minutes, rush about more, cook steaks and chops rather than time-consuming stews and so forth.' They are simultaneously supposed to be wasteful-of material goods-and overly economical-of immaterial time. Yet both allegations may be correct and not simply indicative of a strange American temperament because the market value of time is higher relative to the price of goods there than elsewhere. That is, the tendency to be economical about time and lavish about goods may be no paradox, but in part simply a reaction to a difference in relative costs. The substitution towards goods induced by an increase in the relative cost of time would often include a substitution towards more expensive goods. For example, an increase in the value of a mother's time may induce her to enter the labour force and spend less time cooking by using pre-cooked foods and less time on child-care by using nurseries, camps or baby-sitters. Or barbers' shops in wealthier sections of town charge more and provide quicker service than those in poorer sections, because waiting by barbers is substituted for waiting by customers. These examples illustrate that a change in the quality of goods 2 resulting from a change in the relative cost of goods may simply reflect a change in the methods used to produce given commodities, and not any corresponding change in their quality.
Consequently, a rise in income due to a rise in earnings would increase the quality of goods purchased not only because of the effect of income on quality but also because of a substitution of goods for time; a rise in income due to a rise in property income would not cause any substitution, and should have less effect on the quality of goods. Put more dramatically, with total income held constant, a rise in earnings should increase while a rise in property income should decrease the quality chosen. Once again, the composition of income is important and provides testable implications of the theory.
One analytically interesting application of these conclusions is to the recent study by Margaret Reid of the substitution between store-bought and home-delivered milk.3 According to our approach, the cost of inputs into the commodity " milk consumption at home " is either the sum of the price of milk in the store and the forgone value of the time used to carry it home or simply the price of delivered milk. A reduction in the price of store relative to delivered milk, the value of time remaining constant, would reduce the cost of the first method relatively to the second, and shift production towards the first. 
A THEORY OF THE ALLOCATION OF TIME 515 of milk remaining constant, would also shift production towards the first method. Reid's finding of a very large negative relation between the ratio of store to delivered milk and the ratio of their prices, income and some other variables held constant, would be evidence both that milk costs are a large part of total production costs and that there is easy substitution between these alternative methods of production. The large, but not quite as large, negative relation with income simply confirms the easy substitution between methods, and indicates that the cost of time is less important than the cost of milk. In other words, instead of conveying separate information, her price and income elasticities both measure substitution between the two methods of producing the same commoditity, and are consistent and plausible.
The importance of forgone earnings and the substitution between time and goods may be quite relevant in interpreting observed price elasticities. A given percentage increase in the price of goods would be less of an increase in commodity prices the more important forgone earnings are. Consequently, even if all commodities had the same true price elasticity, those having relatively important forgone earnings would show lower apparent elasticities in the typical analysis that relates quantities and prices of goods alone.
The importance of forgone earnings differs not only among commodities but also among households for a given commodity because of differences in income. Its importance would change in the same or opposite direction as income, depending on whether the elasticity of substitution between time and goods was less or greater than unity. Thus, even when the true price elasticity of a commodity did not vary with income, the observed price elasticity of goods would be negatively or positively related to income as the elasticity of substitution was less or greater than unity.
The importance of substitution between time and goods can be illustrated in a still different way. Suppose, for simplicity, that only good x and no time was initially required to produce commodity Z. A price ceiling is placed on x, it nominally becomes a free good, and the production of x is subsidised sufficiently to maintain the same output. The increased quantity of x and Z demanded due to the decline in the price of x has to be rationed because the output of x has not increased. Suppose that the system of rationing made the quantity obtained a positive function of the time and effort expended. For example, the quantity of price-controlled bread or medical attention obtained might depend on the time spent in a queue outside a bakery or in a physician's office. Or if an appointment system were used a literal queue would be replaced by a figurative one, in which the waiting was done at "home," as in the Broadway theatre, admissions to hospitals or air travel during peak seasons. Again, even in depressed times the likelihood of obtaining a job is positively related to the time put into job hunting.
Although x became nominally a free good, Z would not be free, because the time now required as an input into Z is not free. The demand for Z
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The effect of changes in earnings, other income, goods prices and the productivity of working and consumption time on the allocation of time and the commodity set produced has been analysed. For example, a rise in earnings, compensated by a decline in other income so that full income would be unchanged, would induce a decline in the amount of time used at consumption activities, because time would become more expensive. Partly goods would be substituted for the more expensive time in the production of each commodity, and partly goods-intensive commodities would be substituted for the more expensive time-intensive ones. Both substitutions require less time to be used at consumption, and permit more to be used at work. Since the reallocation of time involves simultaneously a reallocation of goods and commodities, all three decisions become intimately related.
The theory has many interesting and even novel interpretations of, and implications about, empirical phenomena. A few will be summarised here.
A traditional " economic " interpretation of the secular decline in hours worked has stressed the growth in productivity of working time and the resulting income and substitution effects, with the former supposedly dominating. Ours stresses that the substitution effects of the growth in productivity of working and consumption time tended to offset each other, and that hours worked declined secularly primarily because time-intensive commodities have been luxuries. A contributing influence has been the secular decline in the relative prices of goods used in time-intensive commodities.
Since an increase in income partly due to an increase in earnings would raise the relative cost of time and of time-intensive commodities, traditional cross-sectional estimates of income elasticities do not hold either factor or commodity prices constant. Consequently, they would, among other things, be biased downward for time-intensive commodities, and give a misleading impression of the effect of income on the quality of commodities consumed. The composition of income also affects demand, for an increase in earnings, total income held constant, would shift demand away from time-intensive commodities and input combinations.
Rough estimates suggest that forgone earnings are quantitatively important and therefore that full income is substantially above money income. Since forgone earnings are primarily determined by the use of time, considerably more attention should be paid to its efficiency and allocation. In particular, agencies that collect information on the expenditure of money income might simultaneously collect information on the " expenditure " of time. The resulting time budgets, which have not been seriously investigated in most countries, including the United States and Great Britain, should be integrated with the money budgets in order to give a more accurate picture of the size and allocation of full income.
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